Abstract. How the Milky Way has accumulated its mass over the Hubble time, whether significant amounts of gas and stars were accreted from satellite galaxies, or whether the Milky Way has experienced an initial gas assembly and then evolved more-or-less in isolation is one of the burning questions in modern astronomy, because it has consequences for our understanding of galaxy formation in the cosmological context. Here we present the evolutionary model of a Milky Way-type satellite system zoomed into a cosmological large-scale simulation. Embedded into Dark Matter halos and allowing for baryonic processes these chemo-dynamical simulations aim at studying the gas and stellar loss from the satellites to feed the Milky Way halo and the stellar chemical abundances in the halo and the satellite galaxies.
Introduction
In the past half century, by means of more sensitive observations of the Milky Way (MWG) stellar halo its formation was interpreted by two different processes: The first prefers the monolithic collapse (Eggen et al. 1962) , and the second is the accretion model by Searl & Zinn (1978) . At the same time, White & Rees (1978) proposed their Cold Dark Matter (CDM) hierarchical clustering paradigm in which galaxies are results from cooling and fragmentation of residual gas within the transient potential wells provided by the DM. In this framework galaxy formation proceeds in a "bottom up" manner starting with the formation of small clumps of gas inside DM subhalos, which then merge hierarchically into larger systems (Blumenthal et al. 1984 , Springel et al. 2005 .
CDM simulations of cosmological structure and galaxy formation predict the existence of a large number of such DM subhalos surrounding massive DM gravitational potentials. These subhalos should serve as the DM progenitors of dwarf galaxies (DGs) which indeed permeate the Local Group (LG), most of them concentrated as satellites around the MWG and M31. The closer to a mature galaxy they live, the more gas-free they are like elliptical DGs and are, therefore, called dwarf spheroidals (dSphs). Because of their low surface brightness, though even close to the MWG, for a long time only a few of them could be observed in the range of M V = -14 m to -10 m separated clearly from Globular Clusters. Their number increased over the last years thanks to systematic surveys like SDSS shifting the lower brightness limit by the recently discovered ultra-faint DGs (UFDs) to almost -2 m (see e.g. Belokurov et al. 2010 , Belokurov et al. 2014 ) so that they extend the DG sequence to its faintest end.
Theoretically already expected and verified by numerical simulations (Johnston et al. 2008) , satellites in the neighbourhood and, thereby, in the tidal field of mature galaxies lose continuously gas and stars, the later observable as tidal streams (Lynden-Bell Jerjen et al. 2013 ). Due to their loss of orbital energy and angular momentum their fate is the partly disruption and their death as individuals is the accretion by their mature galaxy. This scenario of tidal disruption is at present most strikingly demonstrated by the Sagittarius DG (Ibata et al. 1994 ) with its tidal tails wrapped around the MWG (Majewski et al. 2003) . The CDM merging hypothesis requires the infall and accumulation of the MW mass not only by DM subhalos and gas but also by stars. If this "mining" of the halo with dSph stars (Salvadori et al. 2008 ) has happened in the very early epoch with the first stars only, no differences at the low Z end will tell us about as long as the MW halo stars are formed from the same gaseous substrate. At larger metallicities the α/Fe ratio of dSphs, however, declines already (due to supernova type Ia (SNIa) enrichment) while the halo stars are systematically at the constant value of SNII enrichment at the same [Fe/H] , Venn et al. 2004 , Koch et al. 2008 ; see also reviews by Koch (2009) and Tolstoy et al. (2009) ). This fact allows to pin-down that progenitors of present-day dSphs are not the expected building blocks of the galactic halo and to explain the lack of the observed number of stellar streams. From kinematics of halo stars, however, a dichotomy is found by Carollo et al. (2007) and Bell et al. (2008) , one regular population in the inner region of about 10 kpc radius and an outermost heterogeneous and decoupled halo population most plausibly accreted from disrupted satellites. The metallicity distribution function (MDF) of the UFDs suggests that these tiny systems contain a larger fraction of extremely metal-poor stars than the MW halo does (Kirby et al. 2008 ) and witness the chemical imprint of the interstellar medium (ISM) when the Universe was less than 1 Gyr old.
Detections of hyper metal-poor stars (Beers & Christlieb 2005) in the galactic halo and their peculiar element abundances (see e.g. Frebel et al. (2005) ) opened a new field of galactic archeology, namely, modelling the element production by the first stars in the halo as well as in the UFDs towards understanding the zero metallicity nucleosynthesis and studying the formation of the halo. Chemical evidences for this scenario, especially in the metal-poor stellar content of the galactic halo, is mentioned also by Frebel et al. (2010) , Frebel & Bromm (2012) , and others. On the other hand, it is currently unclear how the metal-poor MDF tail of the classical DGs, in which extremely metal-poor stars are absent, compares with that of the halo and the UFDs.
Modeling the Milky Way satellite system
In contrast to the DM evolution of subhalos treated by pure N-body simulations, the evolution of the baryonic component is much more complex because of the physical processes at work, such as star formation (SF), gas cooling, dissipation, energy and mass feedback. Baryonic gas loses kinetic energy dissipatively and thermal energy by radiation leading to cooling and gravitational collapse, while stellar radiation and winds as well as SNe lead to energy and chemical feedback. Almost all modelling up to now is dedicated to investigate the effects of various processes on the dSph evolution separately or the dSph evolution as an isolated system.
Although the gasdynamical simulations of dSphs advanced from 1D chemo-dynamical models by Hensler et al. (2004) to 3D (see e.g. Smooth-Particle Hydrodynamics (SPH) models by Revaz et al. (2009 ), Pasetto et al. (2011 ), they mainly lack not only of a self-consistent treatment of various internal processes, but focussed on particular aspects only. Their results do not deviate too much from observational data, however, the system of satellites is exposed to a whole bunch of external processes also, like e.g. ram-pressure (Mayer et al. 2007 ) and tidal (Read et al. 2006 ) stripping, gas accretion, and further Early mass assembly of the Milky Way halo 3 more. If these are not taken into account but simulations are limited to isolation DGs the models cannot allow a reliable trace-back of the evolution of any dSph galaxy. In addition, simple non-dynamical considerations as performed to understand the chemical evolution (Lanfranchi et al. 2006 , Lanfranchi & Matteucci 2010 , Prantzos 2008 , Kirby et al. 2011a , Kirby et al. 2011b provide only a limited understanding of the real evolution of dSphs.
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Gerhard Hensler & Mykola Petrov Font et al. (2006) investigated the nature of the progenitors of the stellar halo for a set of MWG-type galaxies and studied the chemical enrichment patterns in the context of the CDM model with a combination of semi-analytic prescriptions. They concluded that the difference in chemical abundance patterns in local halo stars versus surviving satellites arises naturally from the predictions of the hierarchical structure formation in a CDM universe.
Here we present a model of the early evolution and mass assembly history of the MWG's halo by the system of satellite galaxies treated in the gravitational field of the MWG. For this purpose we select a MWG-like DM host halo from the cosmological ΛCDM simulation Via Lactea II (Diemand et al. 2008) . The constraints are, that it does not undergo a major merger event over the Hubble time and that sufficient subhalos exist which allow the accretion by the host galaxy. For the simulations an advanced version of the single-gas chemo-dynamical SPH/N-body code is applied, treating the production and chemical evolution of 11 elements.
Since the acceptable computational time limits the number of gas particles to two million and the DM particles to the same order and because we aim at reaching a mass resolution of 10 3 M per SPH particle, only 250 subhalos in the total-mass range of 10 6 < M sat /M < 6 × 10 8 could be followed from redshift z = 4.56 with its baryonic content. Unfortunately, this fact limits the radius of consideration to 40 kpc around the MWG's center of mass. In order to study the construction of the MWG halo by accretion of subhalos with both gas and stars, as a first step, the chemo-dynamical evolution of the dSph system is followed for the first 2 Gyr, i.e. until redshift z = 2 (see Fig.1 ).
Starting with a 10 4 K warm gas of 17% of the subhalo masses in virial equilibrium and under the assumption that re-ionization is improbable to have affected the LG dSphs (Grebel & Gallagher 2004) , cooling allows the gas particles to achieve SF conditions in all satellites, but its efficiency directly depends on the mass of a satellite and its dynamical history (e.g. merging with other satellites or disruption by the MWG gravitational potential). Fig. 1 shows the evolution of the DM-gas-stars composit of the satellite galaxies. The SF starts in all satellites almost simultaneously, then ceases for the lowest mass objects, while it continues in more massive ones with fluctuations due to gas loss but also interactions with other objects. dSphs develop their stellar components and element abundances dependent on the distance from the MWG. Gas is pushed out from low-mass dSphs by their internal stellar energy release and lost from massive dSphs more by the tidal force. Both effects feed the MWG gas halo by pre-processed hot gas ( fig. 2 ). Inherently as an additional effect, dSphs also get rid of their gas by their motion within the bath of their lost hot gas. Stars are also disrupted from the satellites and accumulate in the MWG halo at the early stages from all objects with low metallicity. Lateron, only stars from the massive satellites contribute due the cessation of SF in the less-massive systems. In total, 1.88×10 8 M of gas and 9.53×10 7 M of stellar mass are torn off from the satellite galaxies and got bound to the Galactic halo. From the same demolishing effect additionally 2.63×10 9 M of DM mass fed the MWG. For the first 0.1 Gyrs of the simulation there is a considerable variance of stellar oxygen abundance in the whole system (−5. [O/H] −0.5) reflecting the very inhomogeneous production and distribution of enriched gas. After 0.1 Gyrs merging of the satellites' ISM promotes the mixing of heavy elements. Finally, almost complete recycling of the gas erases the abundance inhomogeneities so that oxygen in stars converges to −1. Figure 2 . Snapshot of the gas distribution 2.1 Gyr after the numerical onset, i.e. at redshift z=2.76. The gas temperature is coloured according to the right colour panel. [F e/H] 0. with a small dispersion ( fig. 3 ). These high abundances show that the too efficient metal-enrichment in a single-gas phase treatment has to be relaxed by a more realistic chemo-dynamical multi-phase prescription of the ISM (Liu et al. 2015) .
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